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Several epidemiological studies have reported an association between environmental pollution and various health conditions in
individuals residing in industrial complexes. To evaluate the effects of pollution from industrial complex on human health, we
performed a pooled analysis of environmental epidemiologic monitoring data for residents living near national industrial complexes in
Korea. The respiratory and allergic symptoms and the prevalence of acute and chronic diseases, including cancer, were used as the
outcome variables for health effects. Multiple logistic regression analysis was used to analyze the relationship between exposure to
pollution from industrial complexes and health conditions. After adjusting for age, sex, smoking status, occupational exposure, level
of education, and body mass index, the residents near the industrial complexes were found to have more respiratory symptoms, such
as cough (odds ratio [OR], 1.18; 95% confidence interval [CI], 1.06 to 1.31) and sputum production (OR, 1.13; 95% CI, 1.03 to 1.24),
and symptoms of atopic dermatitis (OR, 1.10; 95% Cl, 1.01 to 1.20). Among residents of the industrial complexes, the prevalence of
acute eye disorders was approximately 40% higher (OR, 1.39; 95% Cl, 1.04 to 1.84) and the prevalence of lung and uterine cancer
was 3.45 times and 1.88 times higher, respectively, than those among residents of the control area. This study showed that residents
living in the vicinity of industrial complexes have a high risk of acute and chronic diseases including respiratory and allergic conditions.
These results can be used as basic objective data for developing health management measures for individuals residing near industrial
complexes.
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INTRODUCTION of fossil fuels and waste. Complexes with large-scale industrial
activities are stationary sources of various environmental pol-
Ambient air pollution is a confirmed human carcinogen (In- lutants, such as fine dust, sulfur dioxide (SO.), nitrogen dioxide

ternational Agency for Research on Cancer Group 1) [1], and (NO»), carbon monoxide (CO), ozone (0s), volatile organic

the World Health Organization estimates that approximately 7
million people worldwide die annually from air pollution [2].
The number of premature deaths from air pollution is expect-
ed to double by 2050 [3], and the burden of diseases caused by
air pollution is expected to continuously increase.

Air pollution is caused by industrial activities and the burning
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compounds (VOC), polycyclic aromatic hydrocarbons (PAH),
and heavy metals [4]. The pollutants emitted from industrial
complexes enter human body through the respiratory system
or skin and can cause allergic reactions, respiratory symptoms,
and various acute and chronic diseases, such as asthma,
chronic obstructive pulmonary diseases, lung dysfunctions,
skin and eye diseases, acute bronchitis, cardiovascular disease,
and cancer [4-10].

To date, many epidemiological studies have been conducted
to evaluate the effect of exposure to air pollution from indus-
trial complexes on health [4]. However, most conducted stud-
ies were of ecological design using cancer registry data or

Copyright © 2018 The Korean Society of Environmental Health and Toxicology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Page 1 of 8
http://e-ehtorg/


http://crossmark.crossref.org/dialog/?doi=10.5620/eht.e2018004&domain=pdf&date_stamp=2018-03-31

Environmental Health and Toxicology 2018;33(1):e2018004

mortality data, and the control of confounding variables was
limited. In addition, large-scale epidemiological studies with
sufficient statistical power are lacking. To systematically inves-
tigate the health effects of industrial complexes on local resi-
dents, the National Institute of Environmental Research
(NTER) of Korea initiated the project “Monitoring of Exposure
to Environmental Pollutants and Health Effects among Resi-
dents Living near Industrial Complex” in 2003. After the com-
prehensive evaluation of the first phase of the project in 2011,
the second phase started in 2012 and lasted until 2015 and
was designed as an environmental epidemiologic monitoring
conducted as cross-sectional studies in the 5 regions of Ulsan,
Sihwa/Banwol, Pohang, Gwangyang Bay, and Cheongju/Dae-
san. This study was carried out to comprehensively evaluate
the health effects of industrial complexes using data from the
environmental epidemiological surveillance survey of the na-
tional industrial complexes in Korea from 2012 to 2015.

METHODS

The subjects of this study were 35 530 adults aged 20 years
and older participating in the second phase of the Monitoring
of Exposure to Environmental Pollutants and Health Effects
among Residents Living near Industrial Complex project in the
5 regions of Ulsan, Sihwa/Banwol, Pohang, Gwangyang Bay,
and Cheongju/Daesan from 2012 to 2015. The study subjects
comprised 26 689 adults who were residents of areas near in-
dustrial complexes and 8841 individuals residing in the control
areas. The vicinities of industrial complexes were defined as
nearby residential areas expected to be exposed to pollutant
emissions from industrial complexes. The control areas were
defined as the regions outside the influence of industrial com-
plexes. The study areas were selected based on the distribution
of wind direction, geographical characteristics, and the results
of an air pollution diffusion modelling. All data were obtained
from the NIER of Korea and refined based on standard coding
guidelines. The integrated database was then constructed. The
database included demographic characteristics, lifestyle hab-
its, disease history, environmental and occupational expo-
sures, dietary habits, time-activity pattern, and respiratory and
allergic symptoms. Smokers were defined as individuals who
had smoked more than 20 packs of cigarettes during their life-
time. Non-drinkers were defined as those who reject alcohol
due to religious reasons or were not drinking alcohol. Occupa-
tional exposure to harmful substances was defined as exposure
to dust (sawdust, road, glass fiber, silica, and mine dust), fume
(welding fume, soldering and flux fume, plastic fume, paint

Page 2 of 8

fume, gasoline, and diesel fuel fumes), and chemical substanc-
es (organic solvents, bonds, or resins).

This study used symptoms of respiratory and allergic diseas-
es as well as diagnoses of acute or chronic disease as outcome
variables to evaluate the effects of the industrial complexes on
health. The symptoms of respiratory disease were divided into
cough, sputum production, dyspnea, and wheezing. The
symptoms of cough and sputum production were defined as
having responded positively to “dry cough in the mornings af-
ter waking or coughing often while awake during the day” and
“experiencing dry sputum in the mornings after waking or
spitting or swallowing sputum while awake during the day,’
respectively. Dyspnea and wheezing symptoms were defined
as responding positively to “having experience of feeling
closed in and difficulties in breathing” and “experiencing
wheezing sounds, whistling, or cat noises in the chest,” respec-
tively. The symptoms of allergic disease were classified into
rhinitis, dermatitis, and conjunctivitis. Individuals experienc-
ing sneezing or congestion without a cold or flu was defined
as having allergic rhinitis, and those experiencing a minimum
of 6 months of intermittent pruritus was defined as having
atopic dermatitis. When respondents experienced ocular pru-
ritus without conjunctivitis, they were considered to have al-
lergic conjunctivitis. The prevalence of acute or chronic dis-
eases was defined as the proportion of people diagnosed of
the disease by a physician and included all individuals who
were either diagnosed, under treatment, or fully cured.

The differences in age, sex, body mass index (BMI), level of
education, smoking status, drinking status, duration of resi-
dence, and occupational history between those in the indus-
trial and control areas were tested using the student’s ¢-test or
chi-square test. Multiple logistic regression analysis was con-
ducted to determine whether the risk of the symptoms of re-
spiratory and allergic diseases and prevalence of chronic and
acute diseases in the industrial area was higher than those in
the control area. Potential confounding variables such as age,
sex, BMI, level of education, occupational exposure to hazard-
ous materials, and smoking status were selected based on the
results of univariate analysis and previous studies [11-14] and
were included in multiple logistic models as covariates. In ad-
dition, the key confounding variables of age (below 50 or
above 50), smoking status (present or past smoker, non-smok-
er), and occupational exposure were subjected to stratified
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analyses. Breslow-Day test was conducted to evaluate the ho-
mogeneity of each stratum. To evaluate the temporal change
in the symptoms of respiratory and allergic disease and the
prevalence of acute and chronic diseases, stratified analysis
was performed according to the survey period. All statistical
analyses were conducted using SPSS version 23.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS

The average age of the subjects living in the industrial and
control area was 51.9+16.4 years and 52.6+16.1 years, respec-
tively. Elderly over the age of 60 years were more distributed in
the control area than in the industrial area. The subjects were
equally distributed between 2012 and 2014. Although no dif-
ferences in sex, BMI, level of education, and duration of resi-
dence were observed, the rates of smoking and drinking were
higher among residents of the control area than that among
residents of the industrial area. The occupational exposure to
hazardous materials was significantly higher in the industrial
area than that in the control area (Table 1).

The number of residents with symptoms of cough and spu-
tum production was higher in the industrial area than in the
control area. After adjusting for potential confounding vari-

Table 1. General characteristics of the study subjects

ables, the risk of having cough and sputum was significantly
higher for residents of the industrial area (odds ratio [OR] and
95% confidence interval [CI] for cough, 1.18; 95 CI, 1.06 to 1.31;
for sputum, 1.13; 95% CI, 1.03 to 1.24). However, a statistically
insignificant positive relationship was noted between dyspnea
and wheezing. Among the symptoms of allergic disease, atop-
ic dermatitis was significantly higher in the industrial area (OR,
1.10; 95% CI, 1.01 to 1.20) and the risk of allergic rhinitis was
approximately 5% higher, with marginal significance, than in
the control area (OR, 1.05; 95% CI, 0.99 to 1.12) (Table 2).

Table 3 presents the prevalence rates of chronic and acute
diseases in the industrial and control areas. The prevalence of
acute eyes disorder was significantly different between the two
groups. After adjusting for potential confounding variables, the
relationship was still statistically significant (OR, 1.39; 95% CI,
1.04 to 1.84). The prevalence of the risk of acute bronchitis was
approximately 26% higher in residents of industrial areas, but
these results were not statistically significant (p=0.13). The
prevalence of asthma was 2.1% for the industrial area and 1.8%
for the control area. The prevalence of the risks of lung and
uterine cancers in the industrial area was statistically signifi-
cantly higher at 3.45 and 1.88 times, respectively.

Table 4 shows the stratification results for cough, sputum, al-
lergic dermatitis, acute eye disorder, lung cancer, and uterine

Characteristics Industrial area Control area p-value
Total (n) 26 689 8841
Age (y) 51.9+16.4 52.6+16.1 <0.001
Age (%) <0.001

<29 11.2 9.3

30-39 13.2 13.0

40-49 19.3 20.7

50-59 21.8 20.7

60-69 17.8 19.0

>70 16.7 17.4
Year of recruitment (n) 0.63

2012 6137 2092

2013 6741 2204

2014 6984 2292

2015 6827 2253
Regions (n) <0.001

Ulsan 3507 1131

Shiwha/Banweol 6459 1881

Gwangyang Bay 8461 2989

Cheongju 4071 1466

Daesan 726 240

Pohang 3468 1134
Sex, males (%) 45.6 459 0.60
Body mass index (kg/m? 23.4+£29 23.4+£2.38 017
Education, < high school (%) 36.1 36.4 0.61
Smokers (current- or ex-smokers) (%) 26.9 28.1 <0.001
Drinkers (%) 54.3 55.7 0.02
Duration of residence in current address (y) 15.0£12.1 15.2+12.1 0.18
Occupational exposure, yes (%) 28.0 25.8 <0.001
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Table 2. Comparison of prevalence of self-reported symptoms for respiratory and allergic diseases

Symptoms Industrial area Control area OR (95% CI)* p-value
Respiratory
Cough 1772 (6.6) 500 (5.7) 1.18(1.06, 1.31) 0.002
Sputum 2194 (8.2) 645 (7.3) 1.13(1.03, 1.24) 0.008
Dyspnea 2114 (7.9 629 (7.1) 1.08(0.98,1.18) 0.12
Wheezing 818 (3.1) 250 (2.8) 1.06 (0.92, 1.23) 0.42
Allergic rhinitis 5451 (20. ) 1710 (19.4) 1.05(0.99,1.12) 0.09
Atopic dermatitis 2435 (9.2 739 (8.4) 1.10(1.01,1.20) 0.03
Allergic conjunctivitis 4462 (16. 8) 1424 (16.1) 1.04(0.97,1.11) 0.25
Values are presented as number (%).
OR, odds ratio; Cl, confidence interval.
°Adjusted for age, sex, body mass index, smoking, education level, and occupational exposure.
Table 3. Comparison of prevalence of doctor-diagnosed acute and chronic diseases
Diseases Industrial area Control area OR (95% Cl)® p-value
Acute bronchitis 203 (0.8) 55 (0.6) 1.26 (0.93,1.70) 0.13
Pneumonia 161 (0.6) 66 (0.8) 0.78 (0.59, 1.04) 0.09
Acute eyes disorder 250 (0.9) 60 (0.7) 1.39 (1.04,1.84) 0.02
Acute dermatic disorder 168 (0.6) 43 (0.6) 1.14 (0.83, 1.58) 0.42
Chronic obstructive pulmonary disease 271 (1.0) 90 (1.0) 1.00(0.79, 1.28) 0.98
Asthma 548 (2.1) 156 (1.8) 1.17(0.98, 1.41) 0.08
Sinusitis 593 (2.2) 200 (2.3) 0.96 (0.82,1.13) 0.66
Allergic rhinitis 2169 (8.2) 729 (8.3) 0.96 (0.88, 1.05) 0.34
Allergic dermatitis 718 (2.7) 233 (2.7) 1.00 (0.86,1.17) 0.96
Allergic conjunctivitis 380 (1.4) 134 (1.5) 0.91(0.75,1.11) 0.37
Hypertension 5356 (20.1 1839 (20.9) 0.99 (0.93, 1.06) 0.78
Stroke 464 (1.8) 136 (1.5) 1.18(0.97,1.43) 0.10
Anginae/myocardial infarction 558 (2.1) 191 (2.2) 1.01(0.86, 1.20) 0.87
Diabetes 2366 (8.9) 826 (9.4) 0.99 (0.91, 1.08) 0.81
Anemia 910 (3.4) 301 (3.4) 1.02 (0.89,1.17) 0.73
Thyroid disease 820 (3.1) 299 (3.4) 0.90(0.79,1.03) 0.13
Lung cancer 40(0.2 4(0.1) 3.45(1.23,9.66) 0.02
Stomach cancer 149 (0.6) 44 (0.5) 1.03(0.73,1.45) 0.86
Colon cancer 88 (0.3 24 (0.3 1.21(0.77,1.91) 0.40
Liver cancer 26 (0.1) 8(0.1) 1.04 (0.47,2.30) 0.92
Breast cancer, female 78 (0.5) 28 (0.6) 0.91 (0.59, 1.41) 0.68
Uterine cancer, female 75 (0.5) 13(0.3) 1.88 (1.04, 3.40) 0.04
Values are presented as number (%).
OR, odds ratio; CI, confidence interval.
*Adjusted for age, sex, body mass index, smoking, education level, and occupational exposure.
Table 4. Odds ratio and 95% confidence interval of selected health events according to age, smoking status, and occupational exposure
Age (y) Smoking status Occupational exposure
Symptoms <50 >50 romeqeney Non-smokers Ex-smokers Promogeety No Yes Frramoseety
Respiratory
Cough 1.18 1.17 0.82 1.11 1.31 0.19 1.23 1.1 0.27
(1.05,1.34)  (0.97,1.41) (0.97,1.26)  (1.10,1.55) (1.08,1.41)  (0.94,1.31)
Sputum 1.14 112 0.72 1.15 1.11 0.75 1.23 1.01 0.03
(1.02,1.27)  (0.94,1.33) (1.02,1.30)  (0.97,1.28) (1.09,1.40)  (0.88,1.17)
Atopic dermatitis 112 1.03 0.56 112 1.05 0.51 1.10 1.11 0.95
(1.02,1.24)  (0.86,1.23) (1.01,1.24)  (0.89,1.23) (0.99,1.21)  (0.94,1.31)t
Acute eyes disorder 1.26 1.63 0.47 1.40 1.35 0.97 1.34 1.56 0.61
(0.87,1.82)  (1.03,2.57) (1.01,1.94)  (0.76, 2.40) (0.95,1.87)  (0.91,2.67)
Lung cancer 2.67 4.23 0.64 4.00 2.89 0.74 3.41 3.31 0.91
(0.61,11.63) (1.00,17.99) (0.95,16.95) (0.66, 12.63) (1.04,11.23) (0.43,25.59)
Uterine cancer, female 1.77 2.03 0.82 1.94 0.81 0.67 217 1.52 0.59
(0.83,3.76)  (0.79,5.24) (1.05,3.57)  (0.08, 8.59) (0.98,4.83)  (0.63,3.67)
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Figure 1. Temporal change of self-reported symptoms for respiratory and allergic diseases (A, B, and C) and doctor-diagnosed diseases (D, E, and F), Envi-
ronmental Health Survey in the vicinity of national industrial complex, 2012-2015, Korea. OR, odds ratio; Cl, confidence interval.

cancer according to potential confounding variables such as
age, smoking, and occupational exposure. The homogeneity
of the prevalence risk was confirmed for the potential con-
founding variables with respect to sputum production, except
for the occupational exposure. The risk of sputum production
differed significantly according to occupational exposure
(non-occupational exposure group: OR, 1.23; 95% CI, 1.09 to
1.40; occupational exposure group: OR, 1.01; 95% CI, 0.88 to
1.17; p for homogeneity=0.03).

Figure 1 shows the temporal changes of the health outcomes
between 2012 and 2015. The trend of cough has been evidently
decreasing since 2012. However, sputum production and atop-
ic dermatitis had a U-shaped trend. The overall prevalence of

http://e-ehtorg/

acute bronchitis decreased, while that of asthma and acute eye
disorder initially decreased followed by an increase in 2015.

DISCUSSION

We compared the symptoms of respiratory and allergic dis-
ease and the prevalence rates of acute and chronic diseases
between the residents of areas in the vicinity of Korean indus-
trial complexes and those in the control regions using inte-
grated data for environmental epidemiology monitoring from
2012 to 2015. We found that the residents living near the in-
dustrial complexes experienced more respiratory and atopic
symptoms such as cough and sputum production, and the
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risk of acute eye disorder and lung and uterine cancers is
higher in industrial areas than that in the control areas.

This study revealed that residents of industrial complexes ex-
perienced more respiratory symptoms such as cough and
sputum production than those in control areas. Air pollutants
are known to lead to irritation and infections of the respiratory
tract [15]. Coughing is the body’s defense mechanism to re-
move contaminants from the lungs and bronchi when the pol-
lutants enter through the respiratory tract. Sputum production
indicates increased airway secretion or inflammatory re-
sponse of the lungs due to exposure to contaminants [16].
Therefore, the increase in the incidence of cough and sputum
symptoms indicates that residents in industrial areas are more
exposed to air pollutants than those in the control area. Simi-
lar to our results, previous epidemiological studies have also
shown that residing near industrial complexes increased the
exposure to air pollutants and the incidence of cough and
sputum symptoms [17-19]. In this study, although a statistical
significance was not observed, the prevalence of respiratory
diseases such as dyspnea, wheezing and bronchitis, chronic
obstructive pulmonary disease, and asthma was also higher in
the industrial area than in the control area.

The incidence of atopic dermatitis was also statistically higher
in the industrial area than in the control area. Similar to our re-
sults, previous epidemiological studies reported the association
of exposure to various air pollutants such as CO, NO,, and fine
dusts and to symptoms and exacerbation of atopic dermatitis
[20,21]. Although the specific mechanism is yet to be deter-
mined, the development of atopic dermatitis symptoms due to
air pollutants can be attributed to the induction of inflammation
by an abnormal immune response associated with increased
serum IgE and increased Th2 cytokine expression [15,22]. In ad-
dition, the risk of acute eye disorder in the industrial area was
approximately 40% higher than that in the control area. Previous
studies have reported that exposure to air pollutants such as SO.
and O on the ocular surface was associated with eye diseases
such as conjunctivitis and dry eye syndrome [10,23,24].

Currently, numerous epidemiological studies on the rela-
tionship between exposure to pollutants from industrial com-
plexes and cancer or mortality have been conducted [1,4,25-
30]. While the exact carcinogenic mechanism is still unclear,
most air pollutants are absorbed into the body, acting as a
source of oxidative stress by reactive oxygen species. Oxidative
stress damages the proteins, lipids, cellular membranes, and
DNA, resulting in genomic instability that causes mutations of
normal cells into malignant cells [31-33].

In the present study, the risk of lung cancer was significantly
higher among residents living in industrial complexes than
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that in the control area even after adjusting for age, sex, smok-
ing, occupational exposure, education, and BMI. Similarly,
Belli et al. [25] found that the incidence of lung cancer in-
creased by approximately three times among residents living
within 2 km of a petrochemical plant, and many epidemiologi-
cal studies have also reported a significant association between
residence near industrial parks and lung cancer incidence [26-
29]. In addition, our study observed a higher risk of uterine
cancer among female residents of industrial areas than those
in the control area. However, no correlations between air pol-
lution or residing near industrial complexes and the risk of
uterine cancer have been reported. The Nurses’ Health Study
found a significant relationship between chronic exposure to
particulate matter and the occurrence of uterine leiomyomata,
a benign tumor in the uterus [34]. Umezawa et al. [35] have
identified a relationship between exposure to diesel exhaust
particulates and endometriosis in an animal study. Although
the etiology of uterine cancer is unclear, it is known to be relat-
ed to disorders of hormone secretion such as estrogen as well
as metabolic disorders such as insulin resistance [36,37], and
various air pollutants can disrupt endocrine function [38,39].

The emission pollutants in the industrial complexes of this
study were almost the same as that in each industrial complex
and include fine dust, heavy metals, VOC, and PAH. However,
because each complex is composed of various industrial
plants, the major pollutants and pollution levels differ in each
industrial complex; therefore, stratified analysis was addition-
ally conducted to identify the effects on health of each indus-
trial complex (Table S1). In the Pohang Industrial Complex,
the prevalence of respiratory and allergic symptoms and asth-
ma was high. Meanwhile, prevalence of allergic conjunctivitis
was high in the Sihwa-Banwol Complex, while a high preva-
lence of acute bronchitis was noted in Gwangyang Bay Com-
plex. Whether these results are related to exposure to specific
hazardous substances in each industrial complex should be
validated in future studies. In particular, health outcomes with
a small number of symptoms should be evaluated using
methods with statistical power.

A previous study conducted using the same data of this study
did not identify any significant relationship between health out-
comes and residency near the industrial complex [40]. This dif-
ference is due to differences in the categorization of health out-
come variables and in the statistical analysis methods used. In a
previous study, univariate analysis was conducted by dividing
the disease diagnosis into three categories: “not treated,” “treat-
ed,” and “cured” [40]. However, in this study, multivariate analy-
sis of the presence or absence of disease diagnosis was per-
formed, and the effect of potential confounders was controlled.
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Therefore, the difference between the two results reflects the
methodological difference, and not the actual difference.

This study has a few limitations. First, because lifetime symp-
toms and diagnosis are used as the outcome variables of the
health effects, the temporality between exposure and health
effects may be unclear. Moreover, the results of this study can-
not be explained by causality because the data was collected
from a cross-sectional study. Second, non-differential misclas-
sification is possible as the exposed regions were classified in
units of administrative regions (eup, myeon, dong levels) even
though the level of exposure was not uniform in the same ex-
posed regions due to the distance and wind influence. Third,
although results of the stratified analysis of occupational expo-
sure were not different, the industrial area group included a
larger number of workers and the influence of occupational
and environmental exposure cannot be divided clearly. There-
fore, a longitudinal study is needed to clarify the relationship
between the exposure to pollution from industrial complexes
and health of residents in the surrounding area, and a scientif-
ic exposure assessment technique should be introduced to re-
duce the possibility of misclassification of the exposure. De-
spite the above limitations and regional heterogeneity be-
tween the complexes, this study is meaningful because it veri-
fies the health effects from industrial complexes with high sta-
tistical power using pooled data from large-scale environmen-
tal epidemiology monitoring studies.

This study found that residents living in the vicinity of indus-
trial complexes have a high risk of acute and chronic diseases
including respiratory and allergic conditions. These results
can be used as basic objective data for creating health man-
agement protocols for individuals residing in the vicinity of in-
dustrial complexes.
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